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Introduction
cardiac looping and accretion, cardiac septation and coronary vasculogenesis 5 . The 62 primary heart field gives rise to the major structures of the heart, including the atrias 63 and ventricles, while the secondary heart field contributes to the cardiac outflow tracts 64 6 . Myocardial progenitors undergo Epithelial-Mesenchymal Transition (EMT), 65 proliferate, differentiation and migration into the primary heart field in the process of 66 heart tube formation. EMT is a morphogenetic transition process in which cells lose 67 their epithelial characteristics and gain mesenchymal properties underlying the 68 alterations of adheren junction (AJs), tight junction (TJs) and gap junction (GJs) 7, 8 .
69
In the formation of primary heart fields, the precardiac cells initially migrate out of other side being exposed to 0.1% DMSO as a control.
134
For imidacloprid exposure at a later embryonic stage, HH4 chick embryos were 135 exposed to either 0.1% DMSO (control) or 500 µM imidacloprid through injection The resolved products were visualized using a transilluminator (Syngene, UK) and 173 photographs captured using a computer-assisted gel documentation system (Syngene).
174
The housekeeping gene GAPDH was run in parallel to confirm that equal amounts of 175 RNA were used in each reaction. 
Results

241
Imidacloprid exposure increases cardiac malformation during chick cardiogenesis
242
The heart is the first functional organ in the developing embryo. There are three 243 crucial phases in the development of heart formation: 2-, 4.5-and 14-day (Fig. 1A) .
244
To investigate the effects of excess imidacloprid exposure on heart tube formation in 245 chick embryos, we cultured the embryos as shown in Figure S1 . In the first place, we 
Discussion
376
The toxicity of imidacloprid varies greatly across species. flips to the right side. In this way, the heart fuses and a primitive C-shaped heart tube 411 is formed 16 . At 4.5 days, the cardiac looping process is completed 44 . At 14 days, the 412 expansion and growth of the ventricular wall has ended and a mature heart is 413 produced (Fig. 1A) . Our results show that imidacloprid exposure significantly 414 retarded the growth of chick embryos ( Fig. 1 ) and increased the incidence of different 415 degrees of cardiac malformations (Fig. 2) . MF20, the marker of myosin II heavy chain 416 in muscles, was exploited to outline the morphology of heart tubes, and is clearly following imidacloprid exposure (Fig. 1O) . Imidacloprid exposure-induced embryonic 425 mortality in the first two days is much higher than in the other two phases (Fig. 1B) .
426
This finding also further confirms that the first two days is the crucial period for heart 427 tube formation. It was this period that we addressed in this study. 49 . These data show that imidacloprid exposure disturbed cell internal 461 structure ( Fig. 6G ) and reduced the number of stress fibers (Fig. 6H) . Moreover, cell 462 migration also relies on cell-cell junctions, including AJs, TJs and GJs etc (Fig. 6H) . down-regulated by imidacloprid (Fig. 6N) , which suggested that this exposure 
